Objective. It is a common experience among pediatricians in the industrialized countries that many girls-but many fewer boys-present with secondary sex characteristics at a younger age than normal. This study examines whether there are sex differences in the secular changes toward earlier pubertal maturation.
T he rapid socioeconomic changes that took place in the 20th century resulted in a secular trend toward greater height and earlier pubertal maturation of children. 1 The latter is based primarily on studies of menarcheal age or breast development of girls. 2 However, the data on the sexual maturation of boys are scarce, mainly as a result of the difficulties of examining the male genitalia in adolescence.
An indirect method of estimating the secular trend in pubertal maturation is by comparing the age at peak height velocity, or, in other words, the peak mean annual height increment (AHI), in the various studies performed through the years. If there is a substantial secular change (positive or negative) in the sexual maturation of the population under study, then a shift of the age at peak mean AHI would be anticipated accordingly.
In this study, the age at peak mean AHI of Greek children in the 20th century was examined. The author provides evidence, although indirect, for the existence of sex differences in the secular changes of pubertal maturation and speculates on possible mechanisms that might be responsible for this.
METHODS
The data were taken from growth studies the author was able to find in the Greek literature, that were performed in the 20th century. [3] [4] [5] [6] [7] [8] [9] [10] Each study had to include at least 100 children in each age group for each sex. All studies were cross-sectional and spanned the period between 1928 and 1995. The studies referred mainly to schoolchildren who lived in Athens. In all studies, most of the children were attending public schools (state owned), where students usually belong to the middle social class. The age at peak mean AHI of the various populations by calculating mean increase in height in each successive year was estimated. Two of the studies, 1 from 1931 and 1 from 1963, were excluded from additional analysis. The study performed in 1931 was excluded because many of the children examined also were reported in the study of 1928, so the results were similar. 4 The study performed in 1963 was excluded because of obvious inaccuracy of measurements, eg, there was a 1-cm increment in the height of 10-to 11-year-old boys. 6 Tables 1 and 2 show the mean height of Greek schoolboys and -girls, respectively, as well as the number of children measured in growth studies performed in the 20th century. The mean AHI for boys and girls at various ages is shown in Tables 3 and 4, respectively.
RESULTS
Boys present peak mean AHI consistently at 13 to 14 years of age in all studies (Fig 1) , except for the one performed in 1942, in which peak mean AHI occurred 1 year later, manifesting the adverse effect World War II on children's growth and development. Peak AHI ranged from 6.8 to 8.8 cm/year. In girls, there is no discernible peak AHI in the studies performed in the first half of 20th century, with a plateau at 10 to 14 years of age. Peak AHI ranged from 4.6 to 5.9 cm. On the contrary, the studies performed in the late 1960s and afterward all show a clear peak growth at 10 to 11 years of age or at 11 to 12 years of age (Fig 2) . Peak AHI ranged from 6.6 to 7.0 cm/yr.
DISCUSSION
The observation that Greek boys present a consistent age at peak AHI suggests that in the last 70 years, they did not experience a significant secular trend toward earlier maturation. As far as girls are concerned, the blunted peak AHI in the studies performed in the first part of the 20th century suggests great variability in the timing of pubertal events during that period; many girls entered puberty late, therefore diminishing the average height increment. The observation that a clear peak mean AHI took place in all of the studies performed after the late 1960s suggests that the average Greek girl in the last 30 years matures earlier than before. The latter is supported by the significant decrease in menarcheal age from older than 13 years 11 in 1935 to a median of 12.1 years 12 in 1998.
The positive secular changes in somatic development generally are attributed to improved hygienic and environmental conditions. 1,2 However, these factors affect both sexes equally; therefore, one would expect a similar degree of secular trend for boys and girls. It is a common experience among clinicians, at least in the industrialized countries, that many girls-but much fewer boys-present with secondary sex characteristics at a younger age than normal. This has led to the study of secondary sex characteristics in a large number of US girls. 13 It was found that a significant proportion of US girls enter puberty much earlier than the age of 8 years that was considered as normal. These observations led the Drug and Therapeutics and Executive committees of the Lawson Wilkins Pediatric Endocrine Society to reexamine the age limits for definition of precocious puberty in girls in the United States. 14 The new guidelines suggested that sexual maturation is considered precocious when it occurs before the age of 7 years in white and 6 years in black girls. For boys, however, there were no data to suggest a change in the existing recommendations. In fact, 2 recent studies 15, 16 on the sexual maturation of US boys did not show a notable trend toward earlier maturation.
It is widely known that girls mature earlier than boys. Furthermore, the incidence of precocious puberty is much higher in girls and usually is idiopathic, whereas precocious puberty in boys is rare and often is pathologic. The reason(s) for the earlier activation of the hypothalamic-pituitary-gonadal axis in girls is largely unknown.
Besides improvements in nutrition and hygiene, other conditions that have been regarded as possible factors responsible for earlier somatic maturation of children include products and foods that contain estrogens 17 and also exposure to certain chemicals that mimic estrogens. 18 An association between in utero and postnatal exposure to polybrominated biphenyls and early age at menarche was reported recently. 19 Furthermore, significant levels of phthalate esters have been identified in Puerto Rican girls with premature breast development but not in control subjects. 20 Another factor that needs to be considered is the possible effect of psychosexual stimuli on pubertal maturation. This was addressed in 1935 by Malaspina, 11 who studied the relation between menarcheal age and psychosexual stimuli in girls living in Athens. She found that 35% of the girls who were exposed to such stimuli, eg, read romance stories and went to the theater, had menarche before their 13th birthday, whereas only 26% of the girls who lived a more restricted life had menarche before that age. For the most part of the 20th century, Greek society was very puritanical, especially for girls, regarding the relations with the opposite sex. The modernization of Greek society that started taking place after the late 1960s certainly had a more intense effect on girls.
Childhood obesity became a major health problem in the second half of the 20th century in the industrialized countries. Its incidence is increasing, so in some countries it is considered as an epidemic. 21 Although it affects both males and females, the effect that overweight exerts on the pubertal maturation of boys and girls is different. There are reports suggesting that overweight girls enter puberty earlier than girls of normal weight, whereas there is no difference in the timing of puberty between overweight and normal weight boys. 22 However, this is an issue that needs further research.
CONCLUSION
The data of this study and those of the literature that was reviewed in this article suggest sexual differences in the secular trend toward earlier pubertal maturation, girls being affected more intensely than boys. Various factors seem to have a role in this; however, the contribution of each one is difficult to determine.
